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EFFECTS OF TURBOMILLING PARAMETERS 
ON THE COMMINUTION OF a-SiC 

By Jesse L. Hoyer' 

ABSTRACT 

A Bureau of Mines turbomill was evaluated for use in the production of 
high-purity, ultrafine a-SiC powders suitable for advanced ceramics that 
could substitute for high-temperature alloys containing critical materi­
als such as chromium, cobalt, and nickel. The effect of milling param­
eters, such as type of dispersant, temperature, pH, and gas environment, 
on the milling of a-SiC was studied. 

The addition of dispersants improved the grindability of a-SiC. Of 
the six dispersants studied, the best results were obtained with Mara­
sperse N-22. Grinding efficiency was also increased when the a-SiC was 
milled in a basic slurry and at elevated temperature. Gas environments 
did not appear to affect grinding of a-SiC. 

Optimum grinding efficiency was obtained at 50° C in a slurry at pH 
9.5 with Marasperse N-22 as the dispersant. Under these conditions, 
minus 100- plus 200-mesh a-SiC was ground to 80 pct less than 1 ~m in 
4 h. 

'Ceramic engineer, Tuscaloosa Research Center, Bureau of Mines, Tuscaloosa, AL. 
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INTRODUCTION 

Interest has been increasing in recent 
years in structural materials that can 
withstand severe conditions of tempera­
ture, pressure and environment, and can 
substitute for high-temperature alloys 
that require imported materials such as 
chromium, cobalt, and nickel. 

As a result, the utilization of ultra­
fine, high-purity ceramic powders in ad­
vanced and composite ceramics is increas­
ing. Nonoxides such as SiC and Si3N4 
have shown promise in meeting the re­
quirements for use in heat engines, heat 
exchangers, and other areas where high 
temperatures and pressures are required. 

The Bureau of Mines turbomill (also 
known as an attrition grinder) has been 
used in the past to produce a wide vari­
ety of ultrafine materials (!-1l).2 This 
technique, originated and patented by the 

Bureau (l), consists of intense agitation 
of a milling medium, the material to be 
milled, and a suspending liquid. A pre­
vious report summarized research on 
turbomilling and discussed commercial 
applications of the process (14). 

In a recent report (12), Wittmer dis­
cussed the development of an all-polymer 
mill. The construction of the all­
polymer mill eliminated metal contamina­
tion of the mill product. Wittmer's 
report also describes the use of auto­
genous milling, in which the milling 
medium and the material to be milled are 
of the same or similar composition. In 
this study, the effects of dispersants, 
temperature, pH, presence of different 
gases, and milling time on particle size 
of alpha silicon carbide (a-SiC) were 
investigated. 

BUREAU OF MINES TURBOMILL 

The turbomill (figs. 1-2), a 12.7-cm­
diam unit, consists of three main parts: 
a rotor (8.7-cm diam) composed of verti­
cal bars fixed to upper and lower disks, 
the upper one attached to the drive 
shaft; a cage 1 ike stator (I8.8-cm height) 
composed of vertical bars attached to 

rings at the top and bottom; a cylindri­
cal ~9Dtainer (32.s-cm height) with a 
3,400-mL working volume; and a frame 
that holds the motor and the machine 
components. The rotor, stator, and con­
tainer were constructed of ultra-high­
molecular-weight polyethylene. 

MATERIALS AND CONDITIONS 

The starting material used in the tests 
was green a-SiC 3 of two different size 
fractions. A minus 20- plus 30-mesh 
fraction was used as the milling medium, 
and the material being milled was a minus 
100- plus 200-mesh fraction (average di­
ameter of 99 ~m). The suspending medium 
was distilled water with 1 vol pct of a 
10-wt-pct solution of dispersant added. 
The six dispersants used were tetra­
sodium pyrophosphate, TSPP; Darvan #7, 
a sodium salt; Marasperse N-22, a 

2Underlined numbers in parentheses re­
fer to items in the list of references 
at the end of this report. 

3Norton Co., Worcester, MA. Reference 
to specific products does not imply 
endorsement by the Bureau of Mines. 

sodium lignosulfonate; Nopcosperse 44, an 
ammonium salt; Aerosol OT, an anionic 
disodium sulfosuccinate; and Norlig NH, 
an ammonium lignosulfonate. 4 Other pa­
rameters for milling were total solids, 
52 wt pct, with a coarse-to-fine ratio of 
2.5: 1 ; rotor speed, 1,500 rpm; bot tom 
clearance of the rotor, 0.2 cm; tempera­
ture, 25° C; and a milling time of 4 h 
unless otherwise noted. 

4 TSPP , Fisher Scientific, Fair Lawn, 
NJ; Darvan, R. T. Vanderbilt Co., Nor­
walk, CT; Marasperse and Norlig NH, 
Reed Lignin, Inc., Greenwich, CT; Nopco­
sperse, Diamond Shamrock, Inc., Morris ·­
town, NJ; and Aerosol OT, American 
Cyanamid, New York, NY. 
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FIGURE 1.-Bureau of Mines turbomill (12.7·cm diam). FIGURE 2.-AII·polymer container, stator, and rotor com· 
ponents of the turbomill. 

EXPERIMENTAL WORK 

During each milling test, a 250-mL sam­
ple was withdrawn each hour from the mill 
by syphon and passed over a 325-mesh 
screen. The oversize material was re­
turned to the mill along with 250 mL of 
water. Particle size of the minus 325-
mesh fraction was monitored with equip­
ment (Microtrac Particle Size Analyzer, 
L&N Instruments, North Wales, PA) that 
utilizes a laser. This instrument does 
not distinguish soft agglomerates and 
particulates. Soft agglomerates are made 
up of particulates that do not success­
fully disperse. Prior to sizing, the 
samples were submerged in an ultrasonic 
cleaner to help break up these soft ag­
glomerates. However, soft agglomerates 
can remain; therefore, the particle size 
is a measurement of the particulates and 
any remaining agglomerates. 

Surface area was measured with a Brun­
auer-Emmett-Teller (BET) surface area 

analyzer. The equivalent spherical diam­
eter (ESD), in micrometers, was deter­
mined from the specific surface area and 
the density of SiC (3.21 g/cm 3 ) by the 
equation 

where S 

and p 

6 
ESD = S p, 

specific surface area, m2 /g, 

material density, g/cm 3 • 

The ESD is a measurement of an ultimate 
particle size that is the size of the 
particles present as actual particles or 
as part of an agglomerate. Therefore, a 
comparison of the particle size values 
determined by BET and laser techniques 
can indicate the presence of agglomera­
tion. Scanning electron microscopy (SEM) 
was used to visually measure particle 
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size and determine agglomeration char­
acteristics of the powders. 

After 4 h of milling, the percent of 
minus 325-mesh and minus l-~m powders was 
determined based on the amount of minus 
100- plus 200-mesh starting material. 
These values were used to evaluate mill­
ing efficiency. 

The zeta potential was measured using a 
ZM-80 Zeta Meter 5 for selected samples 

that had been dried and screened through 
a 200-mesh screen. 

Oxygen analysis was done by the analyt­
ical group of the Bureau's Albany 
Research Center using an inert gas fusion 
technique. The samples had been dried 
and screened to pass through a 200-mesh 
screen. 

EVALUATION OF DISPERSANTS 

Seven milling tests were run; six used 
different dispersing agents, and one was 
run with no additions as a control. The 
average particle size values, based on 
laser measurements, of the a-SiC milled 
powders are shown in figure 3. The aver­
age size of the a-SiC ground using no 
dispersant, Mara sperse N-22, Norlig NH, 
Aerosol OT, and Darvan #7 decreased 
gradually during the 4-h milling. The 
a-SiC ground with Marasperse N-22 showed 
the most rapid decrease. Particle size 
of the SiC ground using TSPP and Nopco­
sperse 44 as the dispersant increased 
with time. Inadequate dispersion of the 
material resulted in the formation of 
soft agglomerates that could not be 
broken by ultrasonic treatment. Table 1 
lists BET data for the six dispersant 
tests and shows the ESD of the powders 
milled in TSPP and Nopcosperse 44 act­
ually decreased. This indicates the for­
mation of agglomerates during milling. 
SEM micrographs in figure 4 show the 

5zeta Meter, Inc., Long Island City, NY. 

TABLE 1. - Particle size of a-SiC 
prepared using different 
dispersants 

Dispersant 

None ••••••••••••••••••••••••• 
T S PP ••••••••••••••••••••••••• 
Darvan #7 •..•••...••.•••••... 
Marasperse N-22 ••••••••••..•• 
Nopcosperse 44 •••••••••••.••. 
Ae rosal OT .................. . 
Norlig NH •••••••••••••••••••• 

ESD, 
1 h 
0.21 

.27 

.22 

.24 

.22 

.32 
1. 05 

4 h 
0.13 

.16 

.16 

.17 

.18 

.20 

.28 

as received SiC grain and the powder 
after turbomilling using TSPP as a 
dispersant. Agglomeration of the powder 
can be observed. 

Particle size distribution data, listed 
in table 2, for the Marasperse N-22 indi­
cate that the amount of <1 ~m material is 
54 pct after 1 h of milling; the amount 
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FIGURE 3.-Average particle size of a·sre powders 
prepared by turbomllllng. 



FIGURE 4.-A, Minus 200·mesh a·SiC grains (X 150); B, tur· 
bomilled a·SiC using TSPP (X 5,000); C, turbomilled a·SiC us· 
ing Marasperse r.t·22 (X 5,000). 

5 

TABLE 2. - Particle size distribution 
data for milled a-SiC with Marasperse 
N-22 as dispersant 

pct' less than indi-
Diam, Jlm cated diameter in--

I h 2 2 h 2 3 h 2 4 h 2 

2. 2 1 ••••••••••••• 84 90 96 96 
1 • 30 ••••••••••••• 71 80 86 86 
1 • 0 1 ••••••••••••. 54 62 68 68 

• 80 ••••••••••••• 51 59 65 65 
• 55 ••••••••••••• 30 34 38 38 
• 39 ••••••••••••• 12 12 13 13 
• 30 ••••••••••••• 3 3 3 3 
• 20 ••••••••••••• 1 1 1 1 

1 Percent of minus 325-mesh fraction of 
milled material. 

2Milling time. 

TABLE 3. - Spectrographic analysis of 
a-SiC with Marasperse N-22 as 
dispersant, percent 

Milling Fe A1 Ca Na Mg 
time, h 

O ••••••••• 0.83 <0.10 <0.30 0.18 <0.01 
1 ••••••••• .33 <.10 <.02 .23 .11 
2 ••••••••• .21 <.10 <.02 .17 <.02 
3 ••••••••• .23 <.10 <.02 .26 < .02 
4 ••••••••• .26 <.10 <.02 .23 <.02 

does not increase significantly over the 
next 3 h. An SEM micrograph (fig. 4C) 
shows the powder prepared using Mara­
sperse N-22 as the dispersant. 

Contamination of the SiC powders pre­
pared using Marasperse N-22 as the 
dispersing agent was negligible as deter­
mined by spectrographic analysis. Re­
sults are reported in table 3. Contam­
ination of the SiC using the other 
dispersants was also insignificant, with 
the iron content decreasing with time. 
The decrease in iron content is advan­
tageous because iron must often be 
leached from ceramic powders after grind­
ing. Sodium contamination of some pow­
ders was a result of the dispersant used. 
If Na+ were found to be detrimental to 
the high-temperature properties of a 
ceramic body, milling with a nonsodium 
dispersant such as Nopcosperse 44 or 
Norlig NH would be necessary. 
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EFFECT OF TEMPERATURE 

Three tests were made with the grinding 
temperature of the slurry maintained at 
25°, 50°, and 70° C. Table 4 shows the 
average particle size determined by laser 
and by BET methods. As the temperature 
of milling increases, the particle size 
decreases slightly. Also, the milling 
temperature affects the grinding effi­
ciency, as shown by the percent of the 
material ground to minus 325 mesh and 
minus 1 ~m after 4 h of milling listed in 
table 4. Table 4 also includes chemical 
analysis data for these tests. The iron 

content decreases with increasing milling 
temperature. Another advantage of mill­
ing at increased temperature is that the 
amount of cooling water required to ade­
quately cool the system is reduced. In­
creasing the milling temperature from 
50° C to 70° C did not result in a sig­
nificant increase in the grinding effi­
ciency. Since wear of mill increases as 
the temperature approaches the softening 
point of the polymer, running at 50° C 
would prolong the life of the polymer 
mill. 

EFFECT OF pH 

Tests were run at pH values of 3.6, 
6.5, and 9.5 to determine the effect of 
slurry pH on milling. An additional test 
was made at 9.5 and 50° C to evaluate the 
combined effects of pH and temperature. 
Table 5 includes particle size data for 
these runs. The data indicate that a 
change in pH does not affect the particle 
size of the material significantly. 

The efficiency of grinding, table 5, is 
increased when the SiC is milled in 

a slightly basic environment. Accord­
ing to its manufacturers, the dispers­
ing efficiency of Marasperse is affected 
by pH, with best results reported be­
tween pH 7 and 10 (~). This increased 
dispersibility in a basic environment 
would permit greater particle-to-par­
ticle contact and increased grinding 
efficiency. 

TABLE 4. - Particle size, grinding efficiency, 
and chemical analysis of a-SiC after 4 h of 
milling at different temperatures 

Mi lling ESD, Average pct l less than-- pct 
temperature, °c ~m diam, ~m 325 mesh 1 ~m Fe 
25 ••••••••••••• 0.18 0.87 60.6 43.8 0.18 
50 ••••••••••••• .19 .76 78.0 57.5 .05 
70 ••••••••••••• .15 .73 82.1 63.1 .00 
lPercent of starting material. 

TABLE 5. - Particle size of a-SiC after 4 h of 
milling at different pH values 

Mi lling Milling ESD, Average ~ctl less 
medium, pH temperature, ~m diam, ~m 325 mesh 

°c 
3.6 25 0.22 0.90 63.0 
6.5 25 .18 .87 60.6 
9.5 25 .20 .82 86.5 
9.5 50 .21 1. 14 92.6 

lPercent of starting material. 

Na 
0.13 

.14 

.19 

than--
1 ~m 

49.9 
43.8 
67.9 
79.7 
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EVALUATION OF DIFFERENT MILLING GAS ENVIRONMENTS 

Four tests were performed in which ar­
gon was bubbled through the milling 
system, through a port on the side near 
the bottom of the container, at different 
flow rates. In these tests, a dispersant 
was not used in order to determine the 
effect of the gas alone. The particle 
size data for these tests listed in table 
6 indicate no significant change with the 
addition of argon to the system. TIle 
percent of the 100- by 200-mesh material 
that passed through a 325-mesh screen 
after 4 h of milling and the amount less 
than 1 ~m are also listed in table 6. 
Argon did not appear to have a signifi­
cant effect on the grinding efficiency of 
the SiC. 

The addition of an emulsion stabilizer, 
EC-lll,6 to stabilize the bubbles in the 
system was also investigated. The SiC 
was milled using three levels of EC-lll 
addition at a flow rate of 1.0 scfh of 
argon. Table 6 includes particle size 
and grinding efficiency data for these 
three tests, The particle size of the 
SiC was not changed significantly by 
the addition of the emulsion stabilizer. 
However, the addition of the EC-111 

6Sipex EC-111, Alcolac Inc., Baltimore, 
MD. 

increased the grinding efficiency con­
siderably. 

The effect of the presence of oxygen 
and nitrogen was also investigated. A 
flow rate of 1.0 scfh was used with no 
dispersant added to the system. Table 6 
includes particle size data for the pow­
ders milled in the presence of these 
gases, which had little effect on milling 
of a.-SiC. 

Zeta potentials of the powders prepared 
using the different gases are listed in 
table 7. Zeta potential is a measurement 
of the effect of electrostatic charge in 
a colloidal system. A net repulsive 
force will cause the particles to repel 
each other as they meet, resulting in a 
more stable, better dispersed system. 
The grinding efficiency of a.-SiC should 
increase as the zeta potential becomes 
more negative. 

Oxygen analysis data, table 7, for the 
powders indicate that milling in any at­
mosphere increases the oxygen content of 
the material. The sample prepared in 
Marasperse N-22 showed the greatest in­
crease in oxygen. This powder also con­
tains the largest amount of submicrometer 
material after 4 h. The large surface 

area of this material would explain an 
increase in the oxygen content. 

TABLE 6. - Particle size of a.-SiC after 4 h of 
milling in different gas environments 

Gas Flow rate, ESD, Average pctl less than--
environment scfh ]Jm diam, !Jm 325-mesh 1 \lm 

No gas. (/ ... (.l •••• NAp 0.13 1. 81 58.6 16.8 
Argon .••••••.... 0.5 .16 1.77 55.8 18. 1 

Do •••••••••••• 1 .12 1.47 57.0 20.5 
Do •••••••••••• 1.5 .16 1. 57 69.5 22. 1 
Do •••••••••••• 2 .14 1. 50 47.9 22.8 

Argon plus--
3.25 mL EC-l11. 1 .17 1. 41 66.1 25.3 
6.5 mL EC-lll. • 1 .13 1. 05 60.9 28.3 
13 mL EC-lll. •• 1 .12 1. 46 67.5 28.4 

Oxygen •••••••••• 1 .13 1. 66 57.4 19.3 
Ni t rogen •••••••• 1 .13 1. 64 54.0 23.4 
NAp Not applicable. 
lPercent of starting material. 
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TABLE 7. - Zeta potential, oxygen content, and grinding 
efficiency of a-SiC milled under different conditions 

Milling Gas at Zeta °2, pct l less 
conditions 1 scfh potential pct than 1 ~m 

No milling, as 
received. None •••••••••.•• -19.5 0.31 ° No dispersant ••• ••• do ••••••••••• -9.5 1. 61 16.8 

Do ••.••••••••• Argon ••••••••••• -15.9 1. 47 20.5 
Do •••••••••••• Oxyge n •••••••••• -19.1 1. 38 19.3 
Do ••••• • •• • • • • Ni t rogen ••.••••• -20.7 1. 37 23.4 
Do •••••••••••• Argon + 6.5 mL 

EC-ll1. -20.7 1. 39 28.3 
Marasperse N-22. None •••••••••••• -23.4 2.23 43.8 
lPercent of starting material. 

CONCLUSIONS 

A study of the grinding of a-SiC in the 
turbomill using different dispersants, 
temperatures, pH values, and gas environ­
ments yielded the following results: 

1. The addition of a dispersant in­
creased grinding efficiency, with the 
best results obtained using Marasperse 
N-22. 

2. The grinding efficiency of 
a-SiC is increased when the temperature 
of the slurry is increased from 25° to 
50° C. 

3. The grinding efficiency is in­
creased when the pH is changed from 
acidic to basic with Marasperse N-22 as a 
dispersant. 

4. In an argon environment the addi­
tion of an emulsion stabilizer, EC-ll1, 
increased the grinding efficiency. 

5. Optimum milling efficiency was ob­
ta-in-ed ll's-i n-g -M-aras-peTse N-22a-s-- t-he dis­
persant at pH 9.5 and 50° C. Under these 
conditions minus 100- plus 200-mesh SiC 
was ground to 80 pct less. than 1 ~m in 
4 h. 
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